
United States Patent [19] [11] Patent Number: 5,758,106 
Fenwiek et a1. [45] Date of Patent: May 26, 1998 

[54] ARBITRATION UNIT WHICH REQUESTS 4,953,078 8/1990 Petit ...................................... .. 395/598 
CONTROL OF THE SYSTEM BUS PRIOR TO 4,980,854 12/1990 Donaldson et a1. 395/325 
DETERMINING WHETHER SUCH 5,195,185 3/1993 Marenin . . . . . 1 . . . . . . . . . 1 .. 395/325 

CONTROLIS REQUIRED 5.301233 4/1994 Thacker etal. .... .. 395/325 
5,412,788 5/1995 Collins et a]. ........ .. 395/425 

[7 5] Inventors: David M. Fenwick. Nashua. NH; 
Denis Foley; Stephen R. Van Doren. Primar Examiner—Glenn A. Auve 
b th f hr b .M . Y 0 0 S ews my ass Assistant Examiner—Jelfrey K. Seto 

[73] Assignccz Digital Equipment corpora?on Attorney, Agent, or Firm-Anne E. Saturnelli; Arthur W. 
Maynard. Mass. Flshcr 

[57] ABSTRACT 
[21] Appl. No.: 741,084 

' A commander module including means for determining 
[22] Filed: Oct‘ 30’ 1996 whether control of a system bus is required. means for 

requesting control of the system bus. prior to determining 
whether such control is required. and means. responsive to 
the determining means. for indicating that control of the 
system bus is required. A computer system including the 

Related US. Application Data 

[63] Continuation of Ser. No. 269,252, Jun. 30. 1994, abandoned. 

[51] Int. Cl.6 ......................... .. G06F 13/36; GO6F 13/368 system bus and at least two such commander modules 
[52] us. (:1. ........................ .. 395/305; 395/292; 395/299; coupledto the system bus and including means for arbitrat 

395/303 ing for control of the system bus including means for 
[5 a] Field of Search ................................... .. 395/292. 299. granting Control of the system bus to one of the commander 

395/305‘ 303 modules indicating that control of the system bus is required 
and having the highest arbitration priority among those 

[56] References Cited commander modules also indicating that control of the 
system bus is required. 

U.S. PATENT DOCUMENTS 

4,181,938 l/l980 Suzuki et a1. ......................... .. 395/843 30 Claims, 7 Drawing Sheets 

I l - 

I u | , . 

JQW - cMo \ we 
/ 

| 1 

l l I | 

l l 
i | 

'. I 
" I 

‘i I 
I I 

| 

| 
| 

l 

I 
l 
1 516 I 7 8 9 l0 

|_L _l_ 1 _!4 L Ln 1 

REQI ARBI F2502 IARBZ Frees [KRBFFEMTARM ‘ 



US. Patent May 26, 1998 Sheet 1 0f 7 5,758,106 

N. GI 8N now com n2 Q2 

:65: E052 Elia”. _ \ @532 
m. 

S mam 555; 

E. @32 I: mam; I: mam; 

0Q 

0: Eu 3% 

\ 

w_\ ¢_\ ~_ 









US. Patent May 26, 1998 Sheet 5 of 7 5,758,106 

CMD_ACK 

R802 ARBZ REQS ARB3 REO4 ARB4 REOI ARB\ 





US. Patent May 26, 1998 Sheet 7 of 7 5,758,106 

m. wt 

Tmmm?llm OmmVTN mm< NONE _ mmqvt Omml 5 .||._ F _ E E 

_m__~_____ _ _ _»_w_m_¢_m_~___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ _ _ . _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ _ M _ _ _ 

_ _ _ _ _ _ lT/Z _ _ _ m i. m 

_ _ _ _ _ JIIT/ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ _ _ 

_ _ _ _ _ _ _ 

_ _ _ _ _ _ _ 

_ _ _ _ _ _ _ 

_ _ _ g _ _ _ E _ _ * 

v30 
mwminz m40>0 



5.758.106 
l 

ARBITRATION UNIT WHICH REQUESTS 
CONTROL OF THE SYSTEM BUS PRIOR TO 

DETERMINING WHETHER SUCH 
CONTROL IS REQUIRED 

This application is a continuation of application Ser. No. 
08/269252. ?led Jun. 30. 1994 now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates generally to computer systems. and 
more particularly to the arbitration mechanism for accessing 
a system bus of a computer system. 
As it is known in the art. computer systems generally 

include at least one central processing unit (CPU) module. 
a main memory for storing data. at least one input/output 
(I/O) module. and a system bus coupling the aforementioned 
devices to the CPU module. The system bus typically 
includes data. address. and control lines. The CPU module 
often includes a processor for executing instructions and a 
cache memory for storing data and instructions which are 
readily accessible to the processor. The 1/0 module may be 
used to connect the computer system to many different types 
of devices. including other computer systems or secondary 
memory. Secondary memory is generally large and may 
include magnetic tape drives. disk drives. etc. 

Often. the main memory includes a plurality of indepen 
dent memory modules each having an interface to the 
system bus. The CPU can generally access cache memory 
more quickly than main memory and main memory more 
quickly than secondary memory. Each memory module 
contains semiconductor chips having a predetermined num 
ber of memory cells. The chips are often referred to as RAM. 
Random Access Memory. or DRAM. Dynamic Random 
Access Memory. in that each storage location is randomly 
addressable. as distinguished from other types of memory 
devices such as magnetic tape or disk which are sequentially 
accessible. in that a number of storage locations are scanned 
before reaching the desired addressed location. 

Generally each memory module and I/O module responds 
to a different address range within the overall address range 
of the computer system. The size of each I/O module's 
address range depends on the size of the secondary memory 
to which it is connected and the mechanism used to convert 
system bus addresses into secondary memory addresses. The 
size of each memory module‘s address range corresponds to 
the number of addressable locations on the module. The 
starting address of a module’s address range may be deter 
mined by virtue of the position (i.e.. backplane slot) in which 
the module is placed within the computer system. or the 
starting address may be assigned through the use of memory 
con?guration software and hardware which determines the 
number of addressable locations of each memory module in 
the system prior to assigning address ranges. 

CPUs. as well as other commander modules such as the 
I/O interface. are capable of initiating transactions (read. 
write. etc.) on the system bus. Upon power-up. the CPU’s 
cache memory is initialized and ready to be loaded with data 
from main memory or secondary memory. The CPU’s 
processor loads the cache memory with needed instructions 
and data both at power-up and during processing as new data 
and instructions are needed. During processing the needed 
data may be in another CPU’s cache memory or in main or 
secondary memory. also. data may be required to be written 
back into memory. main or secondary. prior to reading new 
data into cache memory. In any case. the CPU needs to gain 
control of the system bus in order to initiate a transaction on 
the system bus to access the data or instructions. 
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2 
In order to initiate a transaction on the system bus. a CPU 

?rst gains control of the system bus which is often accom 
plished by arbitrating for the bus. There are typically two 
types of arbitration schemes; central arbitration and distrib 
uted arbitration. In a distributed arbitration scheme. all 
commander modules (i.e.. modules capable of requesting 
control of the system bus) independently monitor all system 
bus control request signals to determine whether a transac 
tion has been requested. and if so. which commander 
module is to be granted control of the system bus. In a 
central arbitration scheme. a central arbiter receives each 
commander module‘s request for system bus control (i.e.. 
each commander module does not receive the other com 
mander modules’ request signals) and grants control of the 
system bus to one of the commander modules who requested 
such control. 

Because CPU processors do not attempt to gain control of 
the system bus until they determine that they need to initiate 
a transaction on the system bus. the time required for 
arbitration is directly added to the time required to complete 
a transaction. Where the transaction is a read or write to 
memory. the memory latency includes the time required for 
arbitration. 

In order to reduce the time to complete a system bus 
transaction. commander modules may be permitted to arbi 
trate for control of the system bus prior to determining 
whether such control is required (i.e.. early arbitration). 
Where the commander module wins early arbitration and ‘ 
requires use of the system bus. the time to complete the 
transaction is reduced. Where the commander module wins 
early arbitration and does not require use of the system bus 
(i.e.. false arbitration). it issues a no-operation command on 
the system bus to which no other module will respond 
Therefore. false arbitration can prevent a commander mod 
ule needing to execute a valid transaction from gaining 
control of the system bus. 

Generally. commander modules are not penalized for 
false arbitration by a reduction in the module‘s arbitration 
priority level. To reduce the possibility that a high priority 
commander module will continually gain control of the 
system bus and issue no-operation commands. a winning ' 
commander module is typically required to wait a speci?ed 
period of time or number of cycles before re-requesting 
control of the system bus. Still the possibility remains that 
two high priority commander modules may alternate win 
ning control of the system bus and issuing no-operation 
commands which may prevent commander modules pre 
pared to issue valid commands from gaining control of the 
system bus. Furthermore. the issuance of a no-operation 
command may collide with the issuance of a valid command 
and increase the latency of the transaction associated with 
the valid command and the issuance of excessive 
no-operation commands may diminish the bandwidth of the 
data bus. 

SUMMARY OF THE INVENTION 

In accordance with the present invention. a commander 
module is coupled to a system bus and includes means for 
determining whether control of the system bus is required. 
means for requesting control of the system bus. prior to 
determining whether such control is required. and means. 
responsive to the determining means. for indicating that 
control of the system bus is required. With such an 
arrangement. commander modules having valid transactions 
to issue may be granted control of the system bus over 
commander modules which have not yet determined 
whether control of the system bus is required. 
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In accordance with a further aspect of the invention. the 
system bus includes system bus control request signals and 
the indicating means indicates that the commander module 
has a valid transaction to issue by asserting the associated 
system bus control request signal during at least a ?xed 
number of consecutive request cycles. 

In accordance with another further aspect of the invention. 
the system bus includes high priority system bus control 
request signals and low priority system bus control request 
signals and the indicating means indicates that the com 
mander module has a valid transaction to issue by asserting 
the associated high priority system bus control request 
signal. In accordance with another further aspect of the 
invention. the system bus includes high priority system bus 
control request signals and low priority system bus control 
request signals and the indicating means indicates that the 
commander module has a valid transaction to issue by 
asserting both the associated high priority system bus con 
trol request signal and the associated low priority system bus 
control request signal. 

In accordance with a further aspect of the present 
invention. the commander module also includes means for 
arbitrating for control of the system bus. The arbitrating 
means includes ?rst means for granting control of the system 
bus to the commander module when the indicating means 
indicates that the commander module has a valid transaction 
to issue and has a higher arbitration priority than other 
commander modules indicating that they have valid trans 
actions to issue. “With such an arrangement. commander 
modules having valid transactions to issue will be granted 
control of the system bus over other commander modules 
which have not yet determined whether they have valid 
transactions to issue. 

In accordance with another aspect of the present 
invention. a computer system includes a system bus coupled 
to at least two commander modules. Each commander 
module includes means for determining whether control of 
the system bus is required. means for requesting control of 
the system bus prior to the determining means determining 
whether such control is required. and means. responsive to 
the determining means. for indicating that control of the 
system bus is required. The computer system also includes 
means. responsive to the indicating means. for arbitrating for 
control of the system bus. With such an arrangement. 
commander modules having valid transactions to issue may 
be granted control of the system bus over commander 
modules which have not yet determined whether control of 
the system bus is required. 

In accordance with another further aspect of the invention. 
the arbitrating means includes ?rst means for granting 
control of the system bus to one of the commander modules 
indicating that it has a valid transaction to issue and having 
the highest arbitration priority among those commander 
modules indicating that they have valid transactions to is sue. 

BRIEF DESCRIPTION OF THE. DRAWINGS 

FIG. 1 is a block diagram of a computer system having a 
plurality of Central Processing Unit (i.e.. CPU) modules. an 
Input/Output (i.e.. 1/0) module. and a plurality of memory 
modules connected together by a system bus; 

FIG. 2 is a more detailed block diagram of a portion of 
one of the plurality of CPU modules and the system bus of 
FIG. 1; 

FIG. 3 is a more detailed block diagram of a portion of 
one of the plurality of memory modules and the system bus 
of FIG. 1; 
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4 
FIG. 4 is a detailed time line diagram including a portion 

of the address bus signals; 
FIG. Sis a detailed time line diagram including a portion 

of the address bus signals similar to FIG. 4; 
FIG. 6 is a time line diagram of the address bus and data 

bus of FIG. 2; 
FIG. 7 is a time line diagram similar to FIG. 6; and 

FIG. 8 s a detailed time line diagram including a portion 
of the address bus signals similar to FIG. 4. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

As noted above. this invention involves an arbitration 
mechanism for gaining control of a system bus of a com 
puter system in order to initiate a transaction on the system 
bus. Speci?cally. this invention works with an early arbi 
tration scheme to permit commander modules having valid 
transactions to issue to be granted control of the system bus 
over commander modules which have not yet determined 
whether control of the system bus is required. 

Referring now to FIG. 1. a computer system 10 is shown 
to include a plurality of central processing unit (CPU) 
modules 12. 14. an input output (110) module 16. and a 
plurality of memory modules 18. 20 coupled together by a 
pipelined system bus 22. For simplicity. only two CPUs. one 
I/O. and two memory modules are shown. however. it should 
be understood that computer system 10 could have more of 
each module. There may also be other modules (not shown) 
connected to the system bus. 
As also shown in FIG. 1. each memory module 18. 20 has 

multiple. independent memory banks. 180 and 18b for 
module 18 and 20a. 20b. and 200 for module 20. The 
number of memory banks per module is by way of example 
and it should be understood that in a preferred embodiment 
each memory module could have more or less memory 
banks or each memory module could have an equal number 
of memory banks. The addressing of main memory in a 
preferred embodiment allows for a ?exible number of banks 
per memory module. 

Referring now to FIG. 2. system bus 22 is shown con 
nected to a portion of CPU 12. In a preferred embodiment. 
the system bus 22 includes a pipelined data bus and a 
pipelined address bus. It will be understood by one of skill 
in the art that the system bus could include a combination 
address/data bus. As will be described below. having sepa 
rate pipelined address and data busses may prevent a reduc 
tion in the data transfer rate of the data bus when 
no-operation commands (i.e.. commands to which no mod 
ule will respond) are issued on the address bus. The data bus 
includes data signals 24. DATA <25Sz0>and a send data 
signal 37. SEND__DATA. The address bus includes address 
signals 26. ADDRESS <59:6>. command signals 28. Com 
mand Q:0>. a command acknowledge signal 30. CMD_ 
ACK. system bus control request signals 32. REQ <2:0>. 
memory bank available signals 34. BK_AVA]L <15:0>. and 
bank number signals 36. BK_NO <i:0>. 

Pipelining is a technique of decomposing a sequential 
process into subprocesses with each subprooess being 
executed in a special dedicated segment that operates con 
currently with all other segments. A pipeline can be visual 
ized as a collection of processing segments through which 
binary information ?ows. Each segment performs partial 
processing dictated by the Way the task is partitioned. The 
result obtained from the computation in each segment is 
transferred to the next segment in the pipeline. The ?nal 
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result is obtained after the data have passed through all 
segments. It is characteristic of pipelines that several com 
putations can be in progress in distinct segments at the same 
time. 

In a preferred embodiment. a plurality of commander 
modules. 12. 14. 16 (FIG. 1) are capable of issuing trans 
actions on the pipelined system bus 22. Once a commander 
module gains control of the system bus through arbitration. 
it drives an address on ADDRESS <39:6>26. a bank number 
on BK_NO <izO>36. and a command on COMMAND 
dz0>of system bus 22. Two cycles later. the target (i.e.. the 
module which corresponds to the address or bank number) 
of the transaction asserts the command acknowledge signal. 
CMD_ACK. to indicate that it will respond to the transac 
tion. It will be understood by one of skill in the art that the 
timing of the system bus signals is by way of example. 
Further. the bus is used by a plurality of commander 
modules. and preferably. the data bus returns data in the 
same order as the address and commands issued on the 
address bus. An alternative would allow the data bus to 
return data out of order. To permit this. each valid command 
(i.e.. all commands except a no-operation command) is 
tagged by the commander modules and target modules with 
a sequence number. As shown in FIG. 2. CPU 12 includes 
sequence logic 38a. and as shown in FIG. 3. memory 
module 18 includes sequence logic 440. 

In a preferred embodiment. a maximum of sixteen out 
standing transactions are allowed on the system bus at any 
one time. This requires a wrapping four bit count which will 
be referred to as the sequence number. All commander 
modules have a four bit sequence number counter (not 
shown) corresponding to the next outstanding transaction to 
be completed on the data bus. When a target module asserts 
SEND_DATA indicating that an outstanding transaction is 
to be completed. the commander modules increment their 
sequence number counters to correspond to the next out 
standing transaction to be completed on the data bus. Target 
modules also have four bit sequence number counters (not 
shown) which are incremented each time a target module 
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asserts CMD_ACK indicating that the command issued on . 
the address bus is a valid command to be completed. Thus. 
when a command is a no-operation command due to false 
arbitration. to be described in detail later. the sequence 
number is not incremented. An addressed target module 
stores the sequence number corresponding to the issued 
command. and when the previous sequence number driven 
on the data bus sequence number lines indicates that the 
stored sequence number represents the next outstanding 
transaction to be completed on the data bus and when the 
target is ready to respond. the target asserts SEND_DATA. 
drives the stored sequence number on the sequence number 
lines and completes the transaction. 
By way of example. the computer system will be 

described as supporting one Terabyte of main memory and 
sixty-four byte block data transfers (i.e.. sixty-four byte 
blocks of data are transferred with each system bus trans 
action directed at main memory where eight bits equals a 
byte and ?ve hundred and twelve bits equals a sixty-four 
byte block). Thus. each addressable memory location will 
store sixty-four bytes of data. and in order to address 
sixty-four byte blocks of data. the least signi?cant address 
bit needed is bit six. Therefore. the address signal lines 26 
are denoted as ADDRESS <39:6>. Each transaction will 
involve two data cycles whm'e each cycle transfers two 
hundred and ?fty-six bits of data. Hence. the data signal 
lines 24 are denoted as DATA <255:0>. 

Also by way of example. the present system will be 
limited to a maximum of sixteen memory banks. Thus. 
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sixteen memory bank available signals 34 are needed. 
BK_AVAIL <15:0>. and four bank number signals are 
needed. BK_NO <3:0>to uniquely identify each bank. 
These signals will be described in more detail below. 
The following description will be with reference to CPU 

12. However. it is to be understood that the description of 
CPU 12 applies to CPU 14. as well as other CPU modules 
(not shown) and other commander modules capable of 
initiating transactions directly with main memory. including 
I/O module 16 (FIG. 1). 
CPU 12 is shown including system bus interface 38 and 

arbitration logic 40 which receives a request for system bus 
control signal. CPU_REQ. from one or more processors on 
CPU 12 (not shown) when a processor wants to gain control 
of the system bus to initiate a transaction. Upon the assertion 
of CPU_REQ. arbitration logic 40 asserts an arbitration 
request signal. ARB_REQ. to system bus interface 38 
which asserts the system bus control request signal. REQ 
<2 :0>. associated with CPU 12 on system bus 22. Arbitra 
tion logic 40 is also shown to receive each system bus 
control request signal. REQ Q:O>. During each arbitration 
cycle each system bus control request signal has a unique 
priority level. arbitration logic 40 determines which com~ 
mandm module wins arbitration by comparing the priority 
levels of the asserted system bus control request signals. 
Arbitration logic 40 provides a grant signal. GRANT. to 
system bus interface 38 and to the processor (not shown) if 
the CPU 12 wins arbitration. 

It will be understood by one of skill in the art that each 
module capable of controlling the system bus (i.e.. com 
mander module) will have a system bus control request 
signal associated with it. Thus. by way of example. three 
system bus control request signals are shown. REQ <2:0>. 
because the computer system 10 of FIG. 1 shows two CPU 
modules and one I/O module (i.e.. three commander 
modules). 
The arbitration scheme depicted in FIG. 2 and imple 

mented in a preferred embodiment is a distributed arbitration 
scheme. However. one of skill in the art will realize that a 
central arbitration scheme could be used with minor modi 
?cations to the logic shown. In general. distributed arbitra 
tion schemes determine which commander module will be 
granted control of the system bus more quickly than central 
arbitration schemes. 
As also shown in FIG. 2. CPU 12 also includes tracking 

logic 42 which receives from one or more processors on 
CPU 12 (not shown) the address signals. CPU_.ADDRESS 
<39:6>. to be driven onto system bus 22. The CPU system 
bus interface 38 sends tracking logic 42 the received system 
bus address bits. RCVD_ADDRESS <39:6>. and the 
received system bus memory bank available signals. CPU__ 
BK__AVAIL <15:0>. With these signals. tracking logic 42 
determines if the memory bank the processors (not shown) 
want to access is available (i.e.. not busy with another 
transaction). If the memory bank the processor wants to 
access is unavailable (i.e.. busy). tracking logic 42 asserts a 
memory bank busy signal. MEM__BK_BSY. to arbitration 
logic 40. The assertion of MEM_BK_BSY. as will be 
described in more detail below. causes arbitration logic 40 to 
withdraw its request for control of the system bus during a 
non-arbitration cycle when CPU 12 has not won arbitration 
or. if CPU 12 has won arbitration. forces the issuance of a 
no-operation command on the system bus command lines. 
Command Q:0>. 

In an e?icient computer system. only commander mod~ 
ules prepared to execute transactions with memory banks 
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which are available are allowed to gain control of the system 
bus. There are often times when a memory module will be 
inaccessible because it is busy with another task. such as a 
memory refresh. Additionally. a memory module may be 
unavailable for a period of time following a write transaction 
where the CPU has transferred the data and released the 
system bus. but the memory module is still involved with 
writing the data into the RAMs. To avoid sending transac 
tions to a memory bank which is unavailable. a sophisticated 
computer system may require all commander modules to 
decode addresses sent on the system bus by all other 
modules to determine and track which memory banks are in 
use. 

In determining whether the desired memory bank is 
available. tracking logic 42 decodes CPU_ADDRESS 
<59:6>to determine which memory bank 18a or 18b of 
module 18. 20a. 20b. or 20c of module 20. (FIG. 1) or 
another memory bank on another memory module (not 
shown) is the target of the intended transaction. It then 
compares the target bank to the received memory bank 
available signals. CPU_BK_AVAIL <15:0>. If the target 
bank's corresponding bank available signal is deasserted 
(i.e.. the memory bank is busy). then tracln'ng logic 42 
asserts MEM__BK_BSY to arbitration logic 40. 
To reduce the time required to address main memory. 

tracking logic 42. after determining which memory bank the 
processor (not shown) wants to access. drives a unique four 
bit value corresponding to the memory bank to be accessed 
on CPU_BK_NO 6:O>to bus interface logic 38. Bus 
interface logic 38 then drives BK_NO <3:O>with corre 
sponding values. This allows the memory modules to deter 
mine if they are the target of the current system bus 
transaction by quickly comparing the value driven on 
BK__NO 6:0>to a value held in a register as opposed to 
having to decode the entire address. 

In tracking unavailable memory banks. tracking logic 42 
also compares CPU_ADDRESS <3916>to RCVD_ 
ADDRESS <39:6>. where RCVD_ADDRESS 
<39z6>re?ects the value driven on the system bus 
ADDRESS <39:6>26 signals in the current transaction. or 
tracking logic 42 compares CPU_BK_NO <3:O>to 
RCVD_BK_NO <3:O>. where RCVD _BK __NO 
<§z0>re?ects the value driven on system bus BK__NO 
éz0>signals in the current transaction. If the bits match. 
then the processor on CPU 12 is attempting to access an 
unavailable memory bank and tracking logic 42 asserts 
MEM_BK_BSY to arbitration logic 40. 

If the memory banks are able to deassert their correspond 
ing memory bank available signals. BLAVAIL <15:0>. 
within su?icient time such that CPU_BK_AVAIL 
<15:0>re?ects the most recent memory bank access when 
tracking logic 42 compares the target bank to CPU_BK_ 
AVAIL <15:0>. then the compare of CPU_ADDRESS 
<39z6>to RCVD_ADDRESS <39z6>or CPU_BK__NO 
<3:O>to RCVD_BK_NO 6:0>may be unnecessary. 

Conversely. the memory banks may only be able to 
deassert their corresponding memory bank available signals. 
BK_AVAIL <15:0>34. two or more address cycles follow 
ing the cycle in which they are addressed. In such a 
computer system. comparing CPU__ADDRESS <39:26>to 
RCVD_ADDRESS <39z6>or CPU_BK_NO <3:O>to 
RCVD_BK__NO dz0>will only determine the current 
memory bank which is being accessed. it will not determine 
which memory bank was addressed in the previous cycle or 
cycles. Therefore. in such a computer system. during the 
address cycle or cycles following the addressing of a 
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memory bank and until the corresponding memory bank 
available signal is deasserted. tracking logic 42 includes 
logic to track memory banks which have been accessed but 
which do not yet have their memory bank available signals 
deasserted. 

Additional tracking logic may also be required where the 
memory modules have transaction queues and are capable of 
accepting multiple transactions. Such a memory module will 
not be unavailable until its transaction queue is ?lled. Where 
a memory bank’s indication of availability status is not 
indicated until the end of the next address cycle or until a 
subsequent address cycle after the transaction queue is ?lled. 
the tracking logic is necessarily more complex. In such a 
situation. the tracking logic needs to keep track of the 
number of transactions each memory module is capable of 
accepting and the number of outstanding transactions cur 
rently in each memory module’s queue. 

FIG. 3 shows a more detailed diagram of memory module 
18. It is to be understood that memory module 20 as well as 
other memory modules (not shown) connected to system bus 
22 would have similar logic. As shown. memory module 18 
includes a memory system bus interface 44 and memory 
banks 180 and 18b. Memory module 18 further includes 
decode logic for bank a and bank b. 46. 48. respectively. 
which are both connected to memory system bus interface 
logic 44. Memory system bus interface logic 44 receives the 
system bus ADDRESS <§Q:6>26 signals and sends MEM_ 
RCVD_ADDRESS <39:6>to control logic (not shown) for 
both bank a and bank b. Memory system bus interface logic 
44 also receives the system bus bank number signals. 
BILNO <3:O>36. which are driven by tracking logic on 
commander modules with a value indicating the speci?c 
memory bank the commander modules wish to ' access. 
Memory system bus interface logic 44 sends corresponding 
memory bank identi?cation signals. MEM_BK._ID <3:O>. 
to the decode logic for bank a 46 and bank b 48. This reduces 
memory latency by allowing a quick compare of MEM__ 
BK_ID <3 :0>to a value held in a virtual node identi?cation 
(VID) register 46a. 48a in decode logic 46. 48. respectively. 
rather than requiring decode logic 46. 48 to decode the entire 
system bus address. ADDRESS <39:6>. 
Each of the memory banks on the system bus corresponds 

to one of the system bus bank available signals. BK_AVAIL 
<15:0>. Where each memory module in a computer system 
is required to contain the same number of memory banks. 
the bank available signals may be assigned by virtue of the 
memory module’s position (i.e.. backplane slot) on the 
system bus 22. In a preferred embodiment. where each of the 
memory modules may contain a variable number of memory 
banks. each memory module is connected to all sixteen 
system bus bank available signals. BK_AVAIL <15:0>and 
within decode logic 46 and 48 is logic (not shown) for 
determining which bank available signal is associated with 
the corresponding memory bank. 
Decode logic 46 and 48 compares MEM_BK_ID 

<3:O>to the value stored in the VID registers 46a. 48a to 
determine if their associated memory bank 18a. 18b is the 
target of the current system bus transaction. In a preferred 
embodiment. VID registers 46a and 480 are loaded at 
power-up by memory con?guration software. If one of the 
memory banks 18a or 18b is the target of the current 
transaction. the associated decode logic 46 or 48 deasserts a 
corresponding one of the memory bank available signals. 
MEM_BK_AVAIL <15:0>. to memory system bus inter 
face 44 and memory system bus interface 44 deasserts a 
corresponding system bus memory bank available signal. 
BK_AVA1L <15:0>34. on system bus 22. Decode logic 46. 
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48 also asserts a valid bank signal. VLD_BK_ID_A or 
VLD_BK__ID_B. to control logic (not shown) associated 
with bank a and bank b which will then cause the memory 
bank to respond to the current system bus transaction. The 
deasserted memory bank available signal noti?es all com 
mander modules on the system bus that the corresponding 
memory bank is unavailable. 
Decode logic 46. 48 further includes write hold logic (not 

shown) for holding the corresponding bank available signal 
deasserted until the data has been written into the RAMs of 
the corresponding memory bank when the system bus com 
mand lines. Command <2:O>. indicate a write transaction. 
This prevents another CPU or I/O module (i.e.. commander 
module) from attempting to access the memory bank until 
the write is completed. Similarly. in the preferred 
embodiment. decode logic 46. 48 deasserts the correspond 
ing memory bank available signal While the corresponding 
memory bank is undergoing a memory refresh cycle. 
As previously mentioned. when the data bus sequence 

counter 44a matches the tagged sequence number and the 
target memory module is ready to respond. the target module 
asserts SEND__DATA and three cycles later the data transfer 
takes place. 

Referring back to FIG. 2. CPU 12 is further shown to 
include cache tag look up logic 50. Cache tag look up logic 
50 receives address signals. CPU_ADDRESS <39:6>. from 
a processor (not shown) on CPU 12 while the processor is 
executing instructions and at the same time as the processor 
asserts its system bus request signal. CPU_REQ. to arbi 
tration logic 40. The address signals re?ect the address of 
locations holding data or instructions needed by the proces 
sor. 

While arbitration logic 40 determines which commander 
module will be granted control of the system bus 22. cache 
tag look up logic 50 uses CPU_ADDRESS 6926>to deter 
mine if the data or instructions required by the processor is 
located in cache memory (not shown) on CPU 12. Ifthe data 
is in cache memory. cache tag look up logic 50 asserts a 
cache hit signal. CACHE_HIT. to arbitration logic 40. 

Similar to the assertion of MEM_BK_BSY by the 
memory bank tracking logic 42. the assertion of CACI'IE_ 
HIT. as will be described in more detail below. causes 
arbitration logic 40 to withdraw its request for control of the 
system bus during a non-arbitration cycle when CPU 12 has 
not won arbitration or. if CPU 12 has won arbitration. forces 
the issuance of a no-operation command on the system bus 
command lines. Command <2:O>. 
As also shown in FIG. 2. CPU 12 includes command logic 

52 which sends command signals. CPU_CMD Q:O>. to 
bus interface 38 which drives similar values on system bus 
command signals. COMMAND Q:0>. Command logic 52 
also receives command signals (not shown) from a processor 
(not shown) on CPU 12 and receives a force no-operation 
command signal. FORCE_N OP. from arbitration logic 40. 
If it is determined that CPU 12 does not require control of 
system bus 22 (i.e.. MEM_BK_BSY or CACHE_HIT is 
asserted). arbitration logic 40 will assert FORCE_NOP to 
command logic 52. Thus. if arbitration logic 40 determines 
that CPU 12 has won arbitration and asserts the GRANT 
signal when CPU 12 does not actually require control of 
system bus 22 which causes arbitration logic 40 to assert 
FORCE__NOP. command logic 52 will provide a 
no-operation command on CPU_CMD Q20>and bus inter 
face logic 38 will drive a no-operation command on COM 
MAND <2:O>. 
There are many instances when a commander module 

may arbitrate for the system bus prior to determining 
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10 
whether such control is required. In the above discussion 
with reference to FIG. 2. for simplicity. only two situations 
in which a commander module may wish to begin arbitration 
early were discussed; arbitration prior to determining 
whether the target memory bank is available and arbitration 
prior to detem'lining whether the required data is in local 
cache memory. Another situation in which a commander 
module may begin to arbitrate for the system bus prior to 
determining whether control of the system bus is required 
includes the situation where a control and status register 
(CSR) may not be accessed when unavailable and the 
commander module arbitrates for control of the system bus 
prior to determining whether the CSR it wishes to access is 
available. Another situation includes arbitration prior to 
determining whether the I/O module 16 (FIG. 1) is available 
to respond to a transaction. 

Referring now to FIG. 4. a detailed time line diagram 
shows several address bus cycles in which valid commands 
are issued followed by corresponding command acknowl 
edge signals from the addressed target modules. Aportion of 
the address bus signals are shown including the system bus 
control request signals. REQ <O>. REQ <l>. REQ <2>. 
command signals. COMMAND <2:O>. address signals. 
ADDRESS 69:62 bank number signals. BK_NO <3:0>. 
command acknowledge signal. CMD_ACK. three of the 
sixteen bank available signals. BK_AVAIL <O>. 
BK_AVA]L <1>. BK__AVAIL <2>. and a clock signal. 
CLK. 
As shown in FIG. 4. in cycle 1 and previous to cycle 1. 

the address bus is idle (i.e.. no request signals are asserted). 
In cycle 2. REQ <0>is asserted generating a ?rst request 
cycle REQI. Because none of the other request signals 
shown. REQ Q>or REQ <1>. are asserted in cycle 2. during 
cycle 3. which is the ?rst arbitration cycle. ARBI. the 
commander module associated with REQ <O>. for example. 
CPU 12 (FIGS. 1 and 2). will win arbitration. Thus. in cycle 
4. CPU 12 drives a command on COMMAND <2:O>. an 
address of a target module on ADDRESS <39:6>. and a 
unique bank number corresponding to a memory bank to be 
accessed on BK__NO <3:0>. In cycle 6. the target module. 
for example. memory module 18. asserts the command 
acknowledge signal. CMD__ACK. and deasserts the bank 
available signal. for example. BK_AVA]L <l>. associated 
with the memory bank. for example. memory bank 180. 
which corresponds to the value driven on BK_NO <3 :0>. 
The deassertion of BK_AVAIL <l>indicates to all com 
mander modules that memory bank 18a is now unavailable. 

Also shown in cycle 4 is the assertion of REQ d>and 
REQ <1>making cycle 4 a second request cycle REQ2. In a 
preferred embodiment. there is a null cycle between subse 
quent request cycles (i.e.. no commanders may assert their 
associated request signal in cycle 3 of FIG. 4). Additionally. 
in a preferred embodiment. a commander module which 
issues a no-operation command or removes its arbitration 
request does not have its priority level reduced (i.e.. a 
commander module is not penalized for false arbitration). 
Thus. in order to prevent the same commander module from 
continuously gaining control of the system bus and issuing 
no-operation commands and to permit other commander 
modules to gain control of the system bus. a commander 
module which wins an arbitration cycle is not permitted to 
reassert its system bus control request signal for a minimum 
of two system bus cycles following the assertion of its 
request signal. Therefore. if CPU 12. corresponding to REQ 
<O>. wishes to gain control of system bus 22 again. it is not 
permitted to reassert REQ <0>until cycle 5 (i.e.. two cycles 
following the assertion of REQ <0>). However. because 
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REQ <l>and REQ <2>are asserted in cycle 4. the earliest 
that CPU 12 can reassert REQ <0>is cycle 6. 

In cycle 5. the second arbitration cycle ARB2. the com 
mander module associated with REQ Q>. for example. 
CPU 14 (FIGS. 1 and 2). wins arbitration because in this 
instance it has a higher priority level than the commander 
module associated with REQ <l>. for example. I/O module 
16. Thus. in cycle 6. CPU 14 drives a command on COM 
MAND <2:O>. the address of the target module on 
ADDRESS <39z6>and the unique bank number of the 
targeted memory bank on BK_NO <3:O>. In cycle 8. the 
target module. for example. memory module 20. asserts the 
command acknowledge signal. CMD_ACK. and deasserts 
the bank available signal. for example. BK_AVA1L <0>. 
associated with the memory bank. for example. memory 
bank 20a. which corresponds to the value driven on 
BK_NO <§:0>. The deassertion of BK_AVAIL <0>indi 
cates to all commander modules that memory bank 20a is 
now unavailable. 

In cycle 6. REQ <l>is shown reasserted making cycle 6 
a third request cycle. REQ3. The commander module asso 
ciated with REQ <l>is permitted to reassert REQ <l>after 
one null cycle. because it did not win the previous arbitration 
cycle. Because no other commander modules are shown to 
have their request signals asserted in cycle 6. during cycle 7. 
the third arbitration cycle ARB3. the commander module 
associated with REQ <l>. I/O module 16. will win the 
arbitration such that in cycle 8 I/O module 16 will drive the 
cormnand lines. address lines and bank number lines with 
values corresponding to the transaction to be issued. The 
addressed target module will assert command acknowledge 
and will also deassert the appropriate bank available line. for 
example. BK_AVA]1. <Z>. in cycle 10. The deassertion of 
BK_AVAIL <2>indicates to all commander modules that 
the associated memory bank. for example. memory bank 
20b. is unavailable. 

Referring now to FIG. 5. a time line diagram. similar to 
the time line diagram of FIG. 4. shows several address bus 
cycles in which a no-operation (NOP) command and valid 
commands are issued. In cycle 2. CPU 12 asserts REQ <0>. 
and because no other system bus control request signals are 
shown asserted in cycle 2. CPU 12 will win arbitration cycle 
ARBl in cycle 3. In this instance. CPU 12 requested control 
of the system bus prior to determining whether it required 
such control. i.e.. early arbitration. Because CPU 12 has 
been granted control of the system bus. it drives a command 
on COMMAND <2z0>in cycle 4. As shown. CPU 12 drives 
a NOP on COMMAND <2z0>in cycle 4 indicating a deter 
mination that control of the system bus is not required. CPU 
12 also drives the address signals. ADDRESS 69:62 and 
the bank number signals. BK__NO <3:0>. however. the 
values may be arbitrary. As shown. no target module asserts 
a command acknowledge and no bank available line will be 
deasserted in response to the NO? command. 
As previously mentioned. when a commander module 

wins an arbitration cycle. it waits two cycles prior to 
requesting control of the system bus again. Thus. as shown 
in FIG. 5. in cycle 5. not cycle 4. the CPU 12 reasserts REQ 
<0>. Again. no other system bus conlrol request signals are 
shown asserted. and. thus. in cycle 6. the second arbitration 
cycle. ARB2. CPU 12 is granted control of the system bus. 
This time. in cycle 7. CPU 12 drives a valid command on the 
command lines. a valid address on the address lines and a 
valid bank number on the bank number lines which causes 
the addressed target module to assert the command aclmowl 
edge signal. CMD__ACK. and deassert the appropriate bank 
available line. for example. BK_AVA]L Q2 in cycle 9. 

20 

25 

30 

35 

45 

55 

65 

12 
In cycle 7. CPU 14 and I/O module 16 (FIGS. 1 and 2) are 

shown to seek control of the system bus by asserting REQ 
<2>and REQ <1>. respectively. Again in this diagram. REQ 
<2>has a higher priority than REQ <1>. therefore. CPU 14 
wins the third arbitration cycle ARB3 in cycle 8. In cycle 9. 
CPU 14 is shown to drive a valid command on COMMAND 
<2:O>. a valid address on ADDRESS <39:6>and a valid 
bank number on BK_NO 6:02 In response. the addressed 
target module. in this case. memory module 20. asserts 
CMD_ACK and memory bank 200 provides for the deas 
sertion of BK_AVAIL <0>in cycle 11. 

In cycle 9 (i.e.. one system bus cycle after the assertion of 
REQ <l>). I/O module 16 may reassert REQ <l>in order to 
gain control of the system bus. In this case. however. REQ 
<l>is shown deasserted in cycle 9 which indicates that DO 
module 16 was involved with an early arbitration for the 
system bus in cycle 7 and subsequently determined that it 
did not require control of the system bus (i.e.. false 
arbitration). Because CPU 14 won control of the bus in cycle 
8. arbitration logic on I/O module 16 (not shown) which is 
similar to arbitration logic 40 on CPU 15 12 (FIG. 2) need 
only deassert the ARB_REQ signal to the system bus 
interface 16a (FIG. 1) on I/O module 16. 
As mentioned above. two cycles after a valid address] 

command is issued. the target module will assert the com 
mand acknowledge signal. CMD_ACK. and data transac 
tions on the data bus will follow in the same order as the 
address/command transactions on the address bus. 

Thus. the minimum amount of time a target can indicate 
that it is ready to participate in the data transaction is two 
cycles after the corresponding address/command cycle (i.e.. 
assert SEND_DATA simultaneously with the assertion of 
CMD_ACK). The address bus and the data bus are 
independent. however. in that the target module may stall the 
data bus and respond later than the minimum amount of two 
cycles following the corresponding address/command cycle 
(i.e.. assert SEND_DATA more than two cycles later). 

In a preferred embodiment of the present invention. the 
address bus and the data bus operate off of the same or 
similar clock signal and have cycles of equal time periods. 
As mentioned previously. data transactions require two data 
bus cycles (i.e.. two transfers of 256 bits of data) and 
address/command transactions require one address bus 
cycle. In the preferred embodiment. a null cycle (i.e.. no 
module is driving the bus) is required between each data bus 
transaction and between each address bus transaction. Thus. 
when the address bus and the data bus are operating at their 
maximum transfer rate. an address and command can be 
transferred on the pipelined address bus once every two 
address bus cycles and a data transaction can begin once 
every three data bus cycles. Hence. when both the address 
bus and the data bus are operating at their maximum transfer 
rates. the address bus has a higher bandwidth than the data 
bus. This di?iercnce in bandwidth creates a probability that 
a dropped (i.e.. a no-operation command issued) address bus 
cycle will not affect the maximum data transfer rate of the 
data bus. 

Referring now to FIG. 6. a sequence of address/command 
transactions followed by corresponding assertions of 
SEND_DATA at a maximum data transfer rate are shown. 
As shown. a command Cl is transferred in cycle 1 on the 
address bus (top line). followed by a null cycle on the 
address bus. Then in cycle 3. the target responds with 
SEND_DATA SDl (bottom line) in cycle 3 corresponding 
to command C1. Similarly. a second command C2 is trans 
ferred in cycle 3 on the address bus. followed by a null cycle. 
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and corresponding SEND__DATA SD2 is transferred in 
cycle 6 on the data bus following two null cycles in cycles 
4 and 5 (i.e.. SEND_DATA can only be asserted once every 
three cycles because a data transfer requires two data 
cycles). A no-operation (i.e.. NOP) command is then shown 
transferred in cycle 5 on the address bus with no corre 
sponding SEND_DATA on the data bus. One null cycle 
later. in cycle 7. a third command C3 is transferred on the 
address bus which corresponds to SEND_DATA SD3 in 
cycle 9 on the data bus. Thus. as can be seen in FIG. 6. the 
maximum data transfer on the data bus has not been reduced 
by the NOP command in cycle 5 on the address bus; SDl in 
cycle 3 is followed by two null cycles in cycles 4 and 5. 
followed by SD2 in cycle 6 and two null cycles in cycles 7 
and 8. and then SD3 in cycle 9. 
By allowing commander modules to arbitrate for control 

of the system bus while simultaneously determining whether 
such control is required. the time required to complete a 
system bus transaction is reduced. i.e.. the time required to 
arbitrate for control of the system bus is not added to the 
total transaction time. Further. where the address bus has a 
higher bandwidth than the data bus. a probability exists that 
the issuance of no-operation commands on the address bus 
will not reduce the maximum data transfer rate of the data 
bus. 

Referring now to FIG. 7. a sequence of address/command 
transactions on the address bus followed again by assertions 
of SEND_DATA on the data bus is shown. Here. however. 
the system bus is not operating at its maximum capacity 
which is indicated by the additional null cycles between the 
?rst command Cl issued in cycle 1 and the NOP command 
issued in cycle 5. In this case. the issuance of a NOP 
command collides with the issuance of a valid command on 
the address bus and reduces the data transfer rate of the data 
bus. 
As previously mentioned. the ?rst command Cl is issued 

in cycle 1. The corresponding assertion of SEND_DATA 
SDl is issued on the data bus in cycle 3. A NOP command 
is issued in cycle 5 and a valid command is issued in cycle 
7 on the address bus. Assuming the commander module 
which issued the NOP command in cycle 5 and the com 
mander module which issued command C2 in cycle 7 both 
arbitrated for the system bus in cycle 4 after asserting their 
corresponding system bus control request signals in cycle 3. 
then the issuance of the NOP command. in this case. has 
collided with and postponed the issuance of command C2. 
a valid command. and the assertion of corresponding 
SEND_DATA SD2. In other words. if the commander 
module which issued command C2 had been able to issue C2 
in cycle 5 instead of the NOP command. then SD2 would 
have been issued in cycle 7 instead of cycle 9. assuming that 
the target module would have responded within two cycles 
of C2. 

In order to give preference to commander modules pre 
pared to issue valid commands. the present invention irnple~ 
ments a two-tiered early arbitration mechanism The present 
system requires that commander modules which assert their 
corresponding system bus control request signal for two 
consecutive request cycles have valid commands to transfer 
on the address bus. Thus. the ?rst tier of arbitration considers 
only those commander modules which asserted their corre 
sponding system bus control request signal (i.e.. REQ 
<7:0>) in the previous request cycle as well as in the current 
request cycle and are. hence. prepared to issue valid com 
mands. If no commander modules had their corresponding 
system bus control request signals asserted in the previous 
request cycle. then the second tier of arbitration considers 
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those commander modules which now have their corre 
sponding system bus control request signals asserted. 
Therefore. false arbitration can only occur if no commander 
module had its corresponding system bus control request 
signal asserted in the previous request cycle and the com 
mander module granted control of the system bus deter~ 
mines that such control is not required and issues a 
no-operation command. Through this mechanism. com 
mander modules which assert their corresponding system 
bus control request signals for two or more consecutive 
request cycles will be granted control of the system bus over 
a commander module with a higher arbitration priority but 
which has only had its corresponding system bus control 
request signal asserted for one request cycle. 

It will be understood by one of skill in the art that other 
two tiered arbitration mechanisms may be provided. For 
instance. the system bus could include a set of high priority 
system bus control request signals and a set of low priority 
system bus control request signals. and every commander 
module could be associated with one high and one low 
priority system bus control request signal. In such a com 
puter system. commander modules could arbitrate early (i.e.. 
prior to determining whether the transaction to be issued is 
valid) by asserting their associated low priority system bus 
control request signals and commander modules could indi 
cate that they have valid transactions to issue by asserting 
their associated high priority system bus control request 
signals or by asserting both their high and low priority 
system bus control request signals. 

In a preferred embodiment. each commander module is 
associated with one system bus control request signal and 
commanders indicate that they have a valid transaction to 
issue by asserting their associated system bus control request 
signals during multiple control request cycles. The preferred 
embodiment provides a minimum number of system bus 
control request signals. However. one of skill in the art will 
recognize that having high and low priority system bus 
control request signals will provide the same functional 
result of allowing commander modules to indicate that they 
have valid transactions to issue. 

In the preferred embodiment. commander modules which 
participate in early arbitration are required to determine 
whether control of the system bus is actually required prior 
to the next request cycle. Therefore. a commander module 
which asserts its system bus control request signal in two or 
more consecutive request cycles has determined that control 
of the system bus is actually required. Further. commander 
modules which request control of the system bus to initiate 
a ?rst transaction may not request control of the system bus 
to initiate a second transaction until at least the third cycle 
following the request associated with the ?rst transaction 
(i.e.. the cycle following the next possible request cycle). 

Referring now to FIG. 8. a time line diagram. similar to 
the time line diagrams of FIGS 4 and 5. shows several 
address bus cycles in which a no-operation (NOP) command 
and valid commands are issued. In cycle 2. REQ <0>and 
REQ <2>are shown asserted causing cycle 2 to be a ?rst 
request cycle. REQl. In this instance. the system bus was 
idle prior to cycle 2 and hence. neither REQ <0>nor REQ 
<2>were asserted in the prior request cycle. Thus. the 
arbitration mechanism drops from the ?rst tier. where sys 
tem bus control request signals asserted for two or more 
consecutive request signals are compared. to the second tier. 
where system bus control request signals asserted for one 
request cycle are compared. Here. CPU 14 (FIGS. 1 and 2). 
the commander module associated with REQ Q>. has a 
higher arbitration priority than CPU 12. the commander 
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module associated with REQ <0>. and thus. CPU 14 is 
granted control of the system bus. 

In cycle 4. CPU 14 drives a no-operation command on 
COMMAND <2z0>and arbitrary values on ADDRESS 
<i9zo>and BK_NO <3:0>. Again. no target module will 
respond to this command with a command acknowledge 
assertion. Therefore. on an idle bus. a commander module 
which arbitrates early for control of the system bus and 
eventually determines that such control is not required may 
gain control over another commander module of lower 
arbitration priority which arbitrates early for control of the 
system bus and eventually determines that such control is 
required. However. on a system bus where multiple com 
mander modules are continually requesting control over the 
system bus. the likelihood is that a commander module 
which is prepared to issue a valid command on the system 
bus will gain control of the system bus. 

In cycle 4. CPU 12 again asserts REQ <0>and l/O module 
16 asserts REQ <1>. Because REQ <0>is asserted in two 
consecutive request cycles. CPU 12 is prepared to issue a 
valid command on the system bus. Therefore. regardless of 
whether I/O module 16 has a higher arbitration priority than 
CPU 12. the ?rst tier of arbitration grants control of the 
system bus to CPU 12 because REQ <O>is the only system 
bus control request signal shown asserted for two or more 
consecutive request cycles. In cycle 6. CPU 12 is then shown 
to drive a valid command on COMMAND Q:0>. a valid 
address on ADDRESS <39:6>and a valid bank number on 
BK__NO <3:0>which is followed in cycle 8 by the assertion 
of CMD_ACK and the deassertion of BLAVAIL <0>. 
REQ <1>is not shown reasserted in cycle 6 indicating that 

1/0 module 16 had arbitrated early for control of the system 
bus in cycle 4 and prior to cycle 6. the next request cycle. 
determined that such control was not required. Therefore. a 
commander module. CPU 12. prepared to issue a valid 
command received control over a higher arbitration priority 
module. 110 module 16. which would have issued a 
no-operation command if granted control of the system bus. 
Having described preferred embodiments of the 

invention. it will now become apparent to one of skill in the 
art that other embodiments incorporating their concepts may 
be used. Accordingly. it is submitted that the invention 
should not be limited to the disclosed embodiments. but 
rather should be limited by the spirit and scope of the 
appended claims. 
What is claimed is: 
l. A commander module comprising: 
means for determining whether control of a system bus is 

required; 
means for requesting conn'ol of said system bus. prior to 

said determining means determining whether such con 
trol is required; 

means. responsive to said determining means. for indi 
cating that control of said system bus is required. said 
system bus including system bus control request 
signals. said commander module being associated with 
one of said system bus control request signals. and said 
indicating means indicating that control of said system 
bus is required by asserting said associated system bus 
control request signal during at least a ?xed number of 
consecutive request cycles; and 

means. responsive to said system bus control request 
signals. for arbitrating for control of said system bus. 
comprising: 
?rst means for granting control of said system bus to 

said commander module when said associated sys 
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tem bus conn'ol request signal is asserted for at least 
said ?xed number of consecutive request cycles and 
has a higher arbitration priority than other com 
mander modules associated with others of said sys 
tem bus control request signals asserted for said ?xed 
number of consecutive request cycles; and 

second means for granting control of said system bus to 
said commander module when said associated sys 
tem bus control request signal is asserted for less 
than said ?xed number of consecutive request cycles 
and has a higher arbitration priority than said other 
commander modules associated with others of said 
system bus control request signals asserted for less 
than said ?xed number of consecutive request cycles 
when those of said system bus control request signals 
which are asserted have only been asserted for less 
than said ?xed number of consecutive request cycles. 

2. The commander module according to claim 1. wherein 
said arbitrating means is a distributed arbitration mecha 
nisrn. 

3. The commander module according to claim 1. wherein 
said system bus includes lines for said commander module 
to transmit command signals. and wherein said arbitration 
means further includes means for forcing a no-operation 
comand on each system bus command signals if said com 
mander module is granted control of said system bus by said 
arbitration means and said determining means determines 
that control of said system bus is not required. 

4. The commanded module according to claim 1. wherein 
said system bus includes low priority system bus control 
request signals and high priority system bus control request 
signals. said commander module is associated with one of 
said low priority system bus control request signals and one 
of said high priority system bus control request signals. and 
said indicating means indicates that control of said system 
bus is required by asserting said associated high priority 
system bus control request signal. 

5. The commander module according to claim 4. further 
comprising: 

means. responsive to said high priority system bus control 
request signals and to said low priority system bus 
control request signals. for arbitrating for control of 
said system bus. comprising: 
?rst means for granting control of said system bus to 

said commander module when said associated high 
priority system bus control request signal is asserted 
and has a higher arbitration priority than other com 
mander modules associated with other asserted said 
high priority system bus control request signals. 

6. The commander module according to claim 5. wherein 
said arbitrating means further includes: 

second means for granting control of said system bus to 
said commander module when said associated low 
priority system bus control request signal is asserted 
and has a higha arbitration priority than said other 
commander modules associated with other asserted 
said low priority system bus control request signals 
when said high priority system bus control request 
signals are deasserted. 

7. The commander module according to claim 5. wherein 
said system bus includes lines for said commander module 
to transmit command signals. and wherein said arbitration 
means further includes means for forcing a no-operation 
command on said system bus command signals if said 
commander module is granted control of said system bus by 
said arbitration means and said determining means deter 
mines that control of said system bus is not required. 
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8. The commander module according to claim 4. wherein 

said arbitrating means is a distributed arbitration mecha~ 
nrsm. 

9. The commander module according to claim 1. wherein 
said system bus includes a pipelined address bus having a 
?rst bandwidth and a pipelined data bus having a second 
bandwidth. 

10. The commander module according to claim 1. 
wherein said system bus includes a combination address/ 
data bus. 

11. A commander module comprising: 
means for determining whether control of a system bus is 

required; 
means for requesting control of said system bus. prior to 

said determining means determining whether such con 
trol is required; 

means. responsive to said determining means. for indi 
cating that control of said system bus is required. 
wherein said system bus includes low priority system 
bus control request signals and high priority system bus 
control request signals. said commander module is 
associated with one of said low priority system bus 
control request signals and one of said high priority 
system bus control request signals. and said indicating 
means indicates that control of said system bus is 
required by asserting both said associated low priority 
system bus control request signal and said high priority 
system bus control request signal. 

12. The commander module according to claim 11. further 
comprising: 

means. responsive to said high priority system bus control 
request signals and to said low priority system bus 
control request signals. for arbitrating for control of 
said system bus. comprising: 
?rst means for granting control of said system bus to 

said commander module when said associated high 
priority system bus control request signal is asserted 
and has a higher arbitration priority than other com 
mander modules associated with other asserted said 
high priority system bus control request signals. 

13. The commander module according to claim 12. 
wherein said system bus includes lines for said commander 
module to transmit command signals. and wherein said 
arbitration means further includes means for forcing a 
no-operation command on a said system bus command 
signals if said commander module is granted control of said 
system bus by said arbitration means and said determining 
means determines that control of said system bus is not 
required. 

14. The commander module according to claim 11. 
wherein said arbitrating means further includes: 

second means for granting control of said system bus to 
said commander module when said associated low 
priority system bus control request signal is asserted 
and has a higher arbitration priority than said other 
commander modules associated with other asserted 
said low priority system bus control request signals 
when said high priority system bus control request 
signals are deasserted. 

15. The commander module according to claim 11. 
wherein said arbitrating means is a distributed arbitration 
mechanism. 

16. A computer system. comprising: 
a system bus. said system bus including system bus 

control request signals; 
at least two commander modules coupled to said system 

bus. each of said commander modules being associated 
with one of said system bus control request signals and 
including: 
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means for determining whether control of said system 

bus is required; 
means for re questing control of said system bus. prior 

to said determining means determining whether such 
control is required; and 

means. responsive to said determining means. for indi 
cating that control of said system bus is required by 
asserting said associated system bus control request 
signal during at least a ?xed number of consecutive 
request cycles; and 

means. responsive to said indicating means. for arbi 
trating for control of said system bus. said arbitrating 
means including: 
first means for granting control of said system bus to 

said commander module when said associated 
system bus control request signal is asserted for at 
least said ?xed number of consecutive request 
cycles and has a higher arbitration priority than 
other commander modules associated with others 
of said system bus control request signals asserted 
for said ?xed number of consecutive request 
cycles; and 

second means for granting control of said system bus 
to said commander module when said associated 
system bus control request signal is asserted for 
less than said ?xed number of consecutive request 
cycles and has a higher arbitration priority than 
said other commander modules associated with 
others of said system bus control request signals 
asserted for less than said ?xed number of con 
secutive request cycles when those of said system 
bus control request signals which are asserted 
have only been asserted for less than said ?xed 
number of consecutive request cycles. 

17. A commander module comprising: 
means for determining whether control of a system bus is 

required. said system bus including system bus control 
request signals. said commander module associated 
with one of said system bus control request signals; 

means for requesting control of said system bus. prior to 
said determining means determining whether such con 
trol is required; 

means. responsive to said determining means. for indi 
cating that conn'ol of said system bus is required by 
asserting said associated system bus control request 
signal during at least a ?xed number of consecutive 
request cycles; 

means. responsive to said system bus control request 
signals. for arbitrating for control of said system bus. 
including: 
?rst means for granting control of said system bus to 

said commander module when said vassociated sys 
tem bus control request signal is asserted for at least 
said ?xed number of consecutive request cycles and 
has a higher arbitration priority than other com 
mander modules associated with others of said sys 
tem bus control request signals asserted for said ?xed 
number of consecutive request cycles; and 

wherein said arbitration means further includes means 
for removing an arbitration request if said determin 
ing means determines that control of said system bus 
is not required and said commander module has not 
yet been granted control of said‘system bus by said 
arbitration means. 

18. The commander module according to claim 17. 
wherein said each commander module maintains its current 
arbitration priority level. 
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19. A method of operating a commander module. com_ 
prising the steps of: 

determining Whether control of a system bus is required; 
requesting control of said system bus. prior to said deter 

mining whether such control is required; 
indicating. responsive to determining control of said bus 

is required. that control of said system bus is required. 
said system bus including system bus control request 
signals. said commander module being associated with 
one of said system bus control request signals. said 
indicating that control of said system bus is required 
performed by asserting said associated system bus 
control request signal during at least a ?xed number of 
consecutive request cycles: and 

arbitrating for control of said system bus. responsive to 
said system bus control request signals. said step of 
arbitrating including: 
granting control of said system bus to said commander 

module when said associated system bus control 
request signal is asserted for at least said ?xed 
number of consecutive request cycles and has a 
higher arbitration priority than other commander 
modules associated with others of said system bus 
control request signals asserted for said ?xed number 
of consecutive request cycles; and 

granting control of said system bus to said commander 
module when said associated system bus control 
request signal is asserted for less than said ?xed 
number of consecutive request cycles and has a 
higher arbitration priority than said other com 
mander modules associated with others of said sys 
tem bus control request signals asserted for less than 
said ?xed number of consecutive request cycles 
when those of said system bus control request signals 
which are asserted have only been asserted for less 
than said ?xed number of consecutive request cycles. 

20. The method of claim 19. wherein said arbitrating is 
distributed arbitration. 

21. The method of claim 19. wherein said system bus 
includes lines for said commander module to transmit com 
mand signals. and wherein said arbitrating further includes 
forcing a no-operation command on said system bus com 
mand signals if said commander module is granted control 
of said system bus and said control of said system bus is not 
required. 

22. The method of claim 19. wherein said system bus 
includes low priority system bus control request signals and 
high priority system bus control request signals. said com 
mander module is associated with one of said low priority 
system bus control request signals and one of said high 
priority system bus control request signals. and said indi 
cating that control of said system bus is required is per 
formed by assening said associated high priority system bus 
control request signal. 

23. A method of operating a commander module. com 
prising the steps of: 

determining whether control of a system bus is required; 
requesting control of said system bus. prior to said deter 

mining whether such control is required; 
indicating that control of said system bus is required. 

responsive to said determining control of said system 
bus is required. wherein said system bus includes low 
priority system bus control request signals and high 
priority system bus control request signals. said com 

20 

25 

35 

50 

55 

65 

210 
mander module is associated with one of said low 
priority system bus control request signals and one of 
said high priority system bus control request signals. 
said indicating that control of said system bus is 
required performed by asserting both said associated 
low priority system bus control request signal and said 
high priority system bus control request signal. 

24. The method according to claim 23. further compris 
ing: 

arbitrating for control of said system bus. responsive to 
said high priority system bus control request signals 
and to said low priority system bus control request 
signals. said arbitrating including granting control of 
said system bus to said commander module when said 
associated high priority system bus control request 
signal is asserted and has a higher arbitration priority 
than other commander modules associated with other 
asserted said high priority system bus control request 
signals. 

25. The method of claim 24. wherein said system bus 
includes lines for said commander module to transmit com 
mand signals. and wherein arbitrating further includes forc 
ing a no-operation command on said system bus command 
signals if said command module is granted control of said 
system bus and control of said system bus is not required. 

26. The method of claim 23. further comprising: 

granting control of said system bus to said commander 
module when said associated low priority system bus 
control request signal is asserted and has a higher 
arbitration priority than said other commander modules 
associated with other asserted said low priority system 
bus control request signals when said high priority 
system bus control request signals are deasserted. 

27. The method of claim 23. wherein said arbitrating is 
distributed arbitration. 

28. A method of operating a computer system. said 
computer system including a system bus. said system bus 
including system bus control request signals. said computer 
system further including at least two commander modules 
coupled to said system bus. each of said commander mod 
ules being associated with one of said system bus control 
request signals. comprising the steps of: 

determining whether control of said system bus is 
required; 

requesting control of said system bus. prior to said deter 
mining whether control of said system bus is required; 

indicating. responsive to said determining whether control 
of said system bus is required. that control of said 
system bus is required by asserting said associated 
system bus control request signal during at least a ?xed 
number of consecutive request cycles; and 

arbitrating for control of said system bus. responsive to 
said indicating. said arbitrating means including: 
granting control of said system bus to said commanda 
module when said associated system bus control 
request signal is asserted for at least said ?xed 
number of consecutive request cycles and has a 
higher arbitration priority than other commander 
modules associated with others of said system bus 
control request signals asserted for said ?xed number 
of consecutive request cycles; and 

granting control of said system bus to said commander 
module when said associated system bus control 
request signal is asserted for less than said ?xed 
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number of consecutive request cycles and has a arbitrating for control of said system bus. responsive to 
higher arbitration priority than said other command said system bus control request signals. said arbitrating 
modules associated with others of said system bus including; 
comml l'?quest Signals asserted for 1¢$$ than Said granting control of said system bus to said commander 
?xed number of consecutive request cycles when 
those of said system bus control request signals 
which are asserted have only been asserted for less 
than said ?xed number of consecutive request cycles. 

module when said associated system bus control 
request signal is asserted for at least said ?xed 
number of consecutive request cycles and has a 
higher arbitration priority than other commander 

29. A method of operating a commander module. com 
prising the steps of: to 

determining whether control of a system bus is required. 
said system bus including system bus control request 
signals. said commander module associated with one of 
said system bus control request signals; 

requesting control of said system bus. prior to said deter 
mining whether such control is required: arbitration means_ 

indicating that control of said system bus is required. 30. The method of claim 29. wherein said each com 
responsive to said determining whether control of said mander module maintains its current arbitration priority 
system bus is required. by asserting said associated 20 level. 
system bus control request signal during at least a ?xed 
number of consecutive request cycles; * * * * * 

modules associated with others of said system bus 
control request signals asserted for said ?xed number 
of consecutive request cycles; and 

removing an arbitration request if said determining 
means determines that control of said system bus is 
not required and said commander module has not yet 
been granted control of said system bus by said 


